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Introduction
Summary
Observation
Natural hazards (Objectives)
GPS (Total Electron Content: TEC)
It has been reported that the ionospheric disturbances are observed in association with 
natural hazard such as earthquakes, volcanic eruptions, typhoons, and so on.  These 
disturbances are due to the atmospheric waves excited by the perturbations of the ground 
and the atmosphere. This implies that the monitoring of the ionosphere contributes to the 
warning systems of these natural hazards.  To do so, detailed studies of the ionospheric 
disturbances depending on each natural hazard are inevitable.  In this study, the characteristic 
features of the disturbances associated with natural hazards are examined. 
HF Doppler
Total Electron Content (TEC) is the total number of 
electrons in the column with an unit cross section 
between a satellite and a receiver.  The radio waves 
transmitted from the satellite are retarded by the 
electrons, depending on the number of TEC and the 
frequencies of the radio waves. From the difference 
of these retardation, TEC is determined.   
Ionosphere 
Transmitter Receiver 
Reflection 
Point 
The ionosphere reflects the HF radio waves.  When the 
reflection point moves vertically, the frequency of the 
radio wave is varied due to the Doppler effect.  Using 
this fact, the observation detects the vertical 
perturbation of the ionosphere.  In this study, the data 
observed at three stations installed by The University of 
Electro-Communications are used.   
Events 
?????????[mHz] 2.08 3.12 4.17 5.21 6.25 7.29 8.33 
2004 / 09 / 01  
11:02UT × × × × × ? ?
2004 / 09 / 29  
03:17UT × × × × × ? ?
In this study, the ionospheric perturbations in association with natural hazards such as 
earthquakes, volcanic eruptions, and typhoons are examined using GPS-TEC and HF Doppler 
observations.  The characteristic features of the perturbations are different each other, we have 
to examine these perturbations according to each hazard.  However, the common features of 
these perturbations is that the all perturbations are excited by atmospheric waves generated in 
the lower atmosphere.  Therefore, the examination of these perturbations would give us the 
new knowledge of ionosphere-atmosphere coupled system.   One example of social 
contributions of this study is the warning system of these natural hazards using ionospheric 
observations.  To do so, the further detailed examination of these perturbations is inevitable.  
In HF Doppler observation, the ionospheric disturbances associated with typhoons are 
observed.  The perturbations are enhanced above 5 mHz and the enhancement is 
coincided with the ground atmospheric perturbations. 
Typhoons
Volcanic eruptions
Earthquakes
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Magnitude
In order to examine the spectrum of the TEC perturbation, the frequency analysis is 
utilized.  Using Fast Fourier Transform, the power spectrum of the perturbations are 
calculated.  In most cases, the spectrums of 3-4 mHz are enhanced about 10 min after 
the earthquakes.  This delay from the earthquake corresponds to the propagation time of 
acoustic wave generated by the ground motion.   
The spectral intensities of the earthquake occurred on March 9, 2011. Each map shows the frequency of the TEC 
variation at 2.08 mHz (left), 4.17 mHz (middle) and 6.25 mHz (right) at 2:59 UT (14 minutes after the 
earthquake).  The white square shows the location of the epicenter.
The temporal variation of the spectral intensity 
in peak position is determined from the map of 
spectrum intensity and the parameter, PT, is 
defined as the difference of spectrum intensity 
between the maximum and the mean value 
previous to the earthquake (Left figure).  The 
value of PT is almost perpendicular to the 
magnitude of the earthquake (Right figure).   
HF Doppler observation also shows many interesting results related for earthquakes.  HF 
Doppler system transmits radio waves at 4 frequencies (5, 6, 8, 9 MHz).  Because these 
frequencies reflects at the different altitudes, we can examine the vertical propagation of 
the acoustic wave generated by the ground motion.   
(Left) The vertical speeds of the reflection points of the radio waves at four frequencies (HFD) and the ground 
(Seis.).  In the seismometer data, 10-75 mHz components is shown.  (Middle) The spectral intensities of the 
vertical speed data as shown by the horizontal arrows in Left panel.   (Right) The amplification factors of the 
vertical speed of the reflection points as compared to the ground motion.  The curves show the theoretical 
values of the amplification factor derived by Chum et al. [ 2012] .  The speed of acoustic wave increases with 
altitude according to decrease of  the background density.  On the other hand,   it decays in higher altitude 
because of viscosity, thermal conductivity, and relaxation losses.  
Seis. 
The path of Typhoon Wipha (26th, 2013). This 
typhoon got close to Japan mostly in October 16, 
2013.  
(Top three panels) Comparison of spectrum 
intensities between the HF Doppler data and the 
barometric pressure. The frequencies of the 
spectrum intensities are 1, 4, and 30 mHz.  (4th
panel) Distance between the center of the 
typhoon and the refection points.  (B ottom 
panel) Wind speed at Chichibu, which is the 
below the reflection points of HF waves.  
The spectral intensities (Top panels) and the 
temporal variations (B ottom panels) of HF 
Doppler data for 2 days (left : October 17th, 
right : October 16th (Closest))
The spectral intensities (Top panels) and the 
temporal variations (B ottom panels) of 
barometric pressure for 2 days (left : October 
17th, right : October 16th (Closest))
In association with volcanic eruptions, TEC perturbations are observed.  This is because 
the eruptions generate the vertical atmospheric perturbations.  The temporal variation 
of TEC is similar to that for earthquake.  However, the time scales of their variations are  
different to each other.  As for earthquakes, the enhancement of spectrum intensity is 
usually seen in 3?4 mHz.  For volcanic eruptions,  it is seen in higher frequency ( > 
7mHz) as compared to earthquakes. 
(Left) The temporal variation of TEC in association with the volcanic eruption of Mt. Asama at 11:02 UT on 
September 1st, 2004.  The variation of TEC is seen 11 minutes after the eruption. (Right) The map of spectral 
intensities at 11:18UT (16 minutes after the eruption).  
We found two events for TEC perturbations 
associated with the eruptions of Mt. Asama.  
In both cases, the frequency of TEC 
perturbations is higher than 7 mHz.  
Ground 
Amplification factor (Ionosphere/Ground) 
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